Background: Viral load (VL) monitoring in the clinical follow-up of HIV patients to detect treatment failure is not routinely offered in Cameroon. The study was designed to characterize virological response on antiretroviral treatment (ART) among adults living with HIV and to identify predictors of virological failure (VF). Methods: Between November 2014 and January 2016, a prospective, population-based cohort study was conducted among HIV-positive adults under first-line treatment and monitored at the Accredited HIV Care Center (AHCC) of Laquintinie Hospital of Douala. Clinical and biological data at the initiation of ART were collected from patients' medical records. HIV VL at 12 and 24 months after the patient started treatment on ART were performed using quantitative real-time PCR protocol with the generic HIV Roche TaqMan assay. Descriptive and logistic regression analysis were performed in Stata SE11 version in data analysis. Results: Overall 150 (45.5%) of 330 adults living with HIV were tested with at least one VL, and of these patients, 51 (34.0%) were tested with two VL during the followed-up. The VF was observed in 13 of 51 (25.5%) patients and among them, 8 (61.5%) switched to second-line ART regimens. Thirty-five (68.6%) of the 51 patients had an undetectable VL at the first VL measurement, and seven (13.7%) patients subsequently developed viral load rebound (VLR) on tritherapy. Using a multivariate analysis, the risk of VF was seven times higher in HIV adults who did not respect the medication hours (OR = 7.38, 95%CI = 1.56-34.90, p = 0.012) and eleven times higher in patients with none or primary school education (OR = 11.38, 95% CI = 2.41-53.76, p = 0.002). Conclusion: Low education level and poor adherence are the main risk factors for VF. Strengthening therapeutic failure prevention strategies and routine VL surveillance would allow early detection of VF and contribute in achieving the third goal of UNAIDS which recommends "90-90-90" targets for People Living with HIV in resourcelimited settings.
Background
Despite 33 years of research and efforts, Human Immunodeficiency Virus (HIV) infection remains a major global public health problem particularly in sub-Saharan Africa with 25.8 million of people living with HIV (PLHIV) [1] [2] [3] [4] . The Cameroon Demographic and Health Survey estimated the prevalence of 4.3% among the 15-49 years old [5] . This prevalence is not the same in all regions, ranging from 1.2% in the Far-North to 7.2% in the South. In addition, the incidence of HIV infection in the general population was estimated at 50,000 in 2011 and 58,630 in 2014 [5, 6] .
In spite of the Government's desire to decentralize medical care for PLHIV and the year-to-year increase in the number of HIV Care Centers, the targets of the 2011-2015 National Strategic Plan for the fight against HIV/AIDS and sexually transmissible infections were not reached. By 2014, 65% of health facilities provided medical care for PLHIV. However, there were stark disparities across regions, with a much lower percentage in some regions [6, 7] . Regarding the effective care, antiretroviral treatment (ART) was introduced in 2003 and has been available free-of-charge since 2007 at all levels of the health system in Cameroon. Between 2013 and 2014, the active list from all regions of PLHIV receiving ART increased by 10.3%, bringing this number to 145, 038 (27.4%) adult patients and 6099 (11%) children less than 15 years old on ART in December 2014 [6] . The number of PLHIV in need of ART still remains very high, only 145, 038 (27.4%) of the 528,512 PLHIV received ART in 2014.
In addition to scaling up the medical treatment with ART, the National AIDS Control Program must ensure the uninterrupted supply of ART medications, supervision or support of PLHIV under treatment, and biological monitoring to promote treatment success, which has been defined as undetectable viral loads (VL). The World Health Organization (WHO) has recommended since 2010 that emphasis be placed on biological monitoring every six months with CD4-T lymphocytes count measurement for ART initiation indications and VL monitoring for switching ART, a therapeutic strategy better personalized to each patient in order to maintain an undetectable VL [8, 9] . In a context of resourcelimited settings like Cameroon with more limited therapeutic options, VL monitoring is not generally available and ART failure is often identified using CD4 cell count monitoring and clinical criteria [10, 11] . In this context, it is important to know more about the virological response (VR), i.e. the rate of ART failure by measuring the VL, the percentage of patients switching from a firstline to second-line ART regimens and to identify which patients are at risk for ART failure. This may help to implement and develop more tolerable and less expensive second-line ART regimens with the ultimate effect of improving survival of PLHIV and reducing the risk of HIV transmission [11, 12] .
The greater VR among PLHIV on first-line regimens is observed and reported wherever HIV infection prevails throughout Low-and Middle-Income Countries. The variation in proportion of patients failing first-line ART observed in the field is remarkably high and variable, ranging from 8 to 16.9% in Africa [11] [12] [13] [14] [15] [16] [17] [18] [19] and from 8.9 to 13% elsewhere [20] [21] [22] . The few retrospective studies conducted at Accredited HIV Care Center (AHCC) in the Northwest, Southwest and Littoral regions of Cameroon have shown treatment failure on first-line ART between16 and 23.2% [2, [23] [24] [25] . The rate of patients switching to second-line ART also varies and ranged from 3.5 to 30% in Africa [26] [27] [28] [29] . The factor accounting for the heterogeneity in rates of treatment failure on first-line ART, virological failure (VF) and switching to second-line ART are not clearly understood as the definition of the virological outcome varies across studies, but are thought to involve demographic, clinical and treatment factors [21, 24, 25, [30] [31] [32] [33] [34] . As a prospective and longitudinal study, we aimed to assess (i) the rates of VF, (ii) the proportion of patients that switch to second-line ART and (iii) the proportion of patients who experience viral load rebound (VLR). The ultimate aim of this study was to identify the risk factors directly associated to VF.
Methods

Study area and the accredited HIV care center
The Laquintinie Hospital of Douala (LHD) is located in the 1st health district of the Douala, Littoral region of Cameroon. Douala has an estimated average annual population growth rate of 5% for the last 30 years and a current population of approximately 2,500,000 inhabitants (officially 1,931,977). It is the largest city of Cameroon and is organized in two institutional levels, an urban community and six sub-divisions.
The LHD houses an AHCC for HIV/AIDS (91% of attendees are adults versus 9% children and adolescents) and a virology laboratory for assessing the quantification of HIV-1 RNA plasma VL infections. This AHCC is the reference center that supports PLHIV in the Littoral region since 1998. By 2014, the LHD followed about 5000 adult PLHIV, including about 4500 under ART treatment. For all PLVIH on ART, a VL request was made 12 months after the initiation of ART to check its effectiveness. If the VL was > 1000 copies, a psychosocial trained agent conducted intensive counseling on therapeutic education with the patient for three months, and the VL is retested three months later. If the VL remained detectable, 2nd line ART with protease inhibitors available as part of the program, was prescribed.
The threshold for VF of HIV VL was 5000 copies/mL until March 2015, and then the threshold was reduced to 1000 copies/mL according to the recommendations of the WHO guidelines on the care of PLHIV. The 2nd line ARTs, including protease inhibitors, have only been available since the end of 2008. Prior to this date, patients diagnosed with clinical or immunological failure were maintained on first-line therapy after continuous reinforcement of therapeutic compliance. Moreover, the AHCC fulfills the ethical requirements for such an activity in terms of medical monitoring and maintaining the confidentiality of the PLHIV patient population.
Overall study design and population
From November 2014 to February 2016, we conducted a prospective, longitudinal cohort study among adult PLHIV attending the AHCC of the LHD. Eligibility for participation was defined as patients (i) aged 18 years or older, (ii) under treatment with first-line ART for at least 12 months by the time of enrollment, (iii) followed at the AHCC of the LHD, and (iv) having at least two measures of VL between 12 and 24 months after initiation of ART. Pregnant women, as they have different follow-up for the prevention of mother-to-child transmission (PMTCT), and patients who were already on second-line ART at the time of recruitment were excluded.
We used a convenience non-probability sampling applicable in this study. To limit the selection and information bias, participants were enrolled consecutively and participation in the study was voluntary, anonymous and without compensation.
Data collection and studied variables
The data was collected using a structured questionnaire which was administered by the principal investigator with assistance from research assistants. Interviewer-administered questionnaires and data collection sheets were used to collect data on socio-demographic characteristics (age, gender, place and year of birth, education and occupation, family and socio-economic background) and adherence. In the second part of data collection, the administered treatment, date of initiation, WHO stage and clinical course, HIV type and the CD4-T lymphocyte counts were obtained from the clinical records of patients.
In the third part, we evaluated the VR (VF, VLR and virological success-VS) and the number of patients switching to second-line ART. Two VL results between 12 and 24 months after ART initiation < 1000 copies/mL or the 1st VL ≥ 1000 copies/mL and the 2nd VL < 1000 copies/mL defined "the patients who had a VS". Two consecutive VL were > 1000 copies / mL (2nd VL ≥ 1st VL > 1000 copies/mL) after ART initiation defined "the patients who had a VF". The VL > 250 copies/mL at the second time point following an undetectable VL (VL < 250 copies/mL) at the first time point defined "the patients who had a VLR".
Switching to 2nd line ART was defined as "patient being switched from a nucleoside reverse-transcriptase inhibitor and non-nucleoside reverse-transcriptase inhibitor regimen to a protease inhibitor based ART regimen".
The time between the date of starting first-line ART and the date of the first diagnosis of VF was considered as the time to VF (TVF) and the time to switching to second-line ART was defined as the time between the date of starting first-line ART and the date of switching to a second-line ART.
Quantification of plasma HIV-1 RNA
Extraction and purification of the plasmatic RNA were performed with the "NORDIAG Arraw" automaton and the "Viral RNA Extraction" kit from DiaSorin Ireland Ltd. according to the manufacturer instructions. The quantification of HIV-1 load was performed by TaqMan Real-Time PCR assay (Generic HIV VL assay Biocentric®, Roche Diagnostics Systems, France) originally described by Rouet and collaborators in the ANRS HIV quantification working group [35] . The quantification limits range between 500 copies per mL (2.7 log copies per mL) and 5.000,000 copies per mL (6.7 log per mL) on samples from patients following the manufacturer's procedure. The lower detection limit of either 250 copies per mL (2.5 log per mL) of this diagnostic system was used to define virological suppression.
Statistical analyses of data
Qualitative variables were expressed as frequencies while numerical variables were presented as mean and Standard deviation (SD) for data following the normal distribution or as mean and interquartile 25-75% percentile (IQ:25-75) for data not following the normal distribution. The bivariate analysis was performed with the exact Fisher test for the qualitative variables, and a nonparametric test the Wilcoxon test for the quantitative variables. All statistical analyses were performed using Stata software (version 11 SE). The Odd ratios (OR) and the association of each explicative variable and studied variable was estimated using a logistic regression model to investigate whether some factors were the independent predictor variables of VF. Only p < 0.05 values were considered statistically significant in all analyzes.
Results
Baseline characteristics of participants in population survey
During the study period, a total of 3890 PLHIV-1 (positive HIV-1 test and CD4 counts < 350 copies per mm3) on first-ART were regularly followed at the day-care hospital ( Fig. 1 ). Of these, 330 (8.5%) initiated their ART for 12 months between January and December 2013 and followed up for 15 months after. Less than half (150, 45.5%) had at least one HIV VL test. Among them, 26.7% were lost to follow-up, 2.7% declined to participate and 36.7% had only one VL, yielding 51 patients included in the study.
The mean age of the 51 PLHIV followed-up was 39.8 (min-max: 22-71) years, with a female/male sex ratio of 2.4. Patients aged 30-39 years represented the largest age group, accounting for 41.2% of the participants. Globally, the female participants were significantly younger than males (37 years vs 45 years old, p = 0.006). Most participants were single, and there was a statistically significant difference in the distribution of marital status by sex: the majority of women were single, whereas most men were married (p = 0.043). Overall, there was also a statistically significant difference in the distribution of occupational activity between male and female. The majority of women were unemployed (55.6% vs 26.7% of males) whereas far more men than women had a stable activity in the public/private sector (20.0% vs 2.8% for females), and the frequency of this distribution was statistically significant different (p = 0.038). Finally, no difference was observed for the educational level between women and men (p = 0.122).
Baseline description of virological response
The median time between the 1st VL and 2nd VL was 10.6 (IQ25-IQ75: 8-14) months. About two-thirds of participants (35/51, 68.6%) had an undetectable VL at the 1st test. One patient was switched to the second-line therapeutic protocol after the 1st VL result (384.892 copies/mL) and then achieved an undetectable VL at the 2nd test. Among patients with undetectable VL at the 1st test, 80% (28/35) maintained undetectable VL and 5 (14.3%) with VL > 1000 copies/mL at the 2nd test. Among patients with detectable VL at the 1st test, 3/16 patients achieved adequate virological suppression at the 2nd test, and the VL was undetectable in two of these three patients. Among patients with VL > 1000 copies/ mL at the 1st test, 4/15 (26.7%) had their 2nd test between 3 and 6 months after the 1st VL measure. Overall, 60.8% were in VS, 25.5% in VF and 13.7% in VLR. The mean TVF was 25.5 (IQ25-IQ75: 23-29) months.
Socio-demographic characteristics-based virological response
No patient with a higher level of education was in VF (Table 1) . VR was related to the level of education and patients with low educational level were more at risk of VF. VF was statistically more common among patients with none/primary education than patients with secondary No statistically significant differences were observed with regard to the other variables analyzed.
Biological, clinical and therapeutic characteristics-based virological response
At ART initiation, 62.7% of patients had CD4 ≤ 200 cells/ μL and 9.7% had CD4 > 350 cells/μL (Fig. 2) . Mean CD4 cells count was not significantly different between patients who ultimately experienced VS (196, CI95%: 22-329) and patients who ultimately experienced VF (200, CI95%: 100-225). The same trend was observed with the WHO stages at the initiation where most of them were in the WHO stage II (34.29%) and III (28.57%).
Most patients reported good adherence to prescribed first-line ART regimens with respect to doses (96.1%), but about half (26, 51%) did not respect the schedule as prescribed. Non-respect for the dosing schedules was significantly associated with VF (42.3%) compared to VS (38.5%) (OR = 11.55, CI95%:2.14-62.24, p = 0.004). The reasons for not respecting the schedules (not mutually exclusive) were forgetfulness (57.7%), occupational constraints (34.6%) and 11.5% did not know that it was necessary to respect the schedules as prescribed. Forgetfulness was 10 times more common among patients with VF than among patients with VS (OR = 10.67, CI95%:1.39-82.03, p = 0.023). In addition, 5 of the 7 patients with a VLR did not respect the schedules as prescribed and forgetfulness was mentioned for all.
Among all 51 patients, 30 (58.8%) had stopped their treatment, mainly due to the stock-out of antiretroviral drug supplies in the AHCC (21/30 = 70%) (Fig. 2) . One patient stopped ART due to hospitalization for coma, and another stopped ART due to traveling. Globally, the mean duration of ART rupture was 50.5 (IQ25-IQ75: 30-60) days among all patients, 74.7 (IQ25-IQ75: 25-90) days in the group who stopped ART voluntarily, and 40.1 (IQ25-IQ75: 21-60) days in the group who stopped ART due to ART stock-out. The patients with VF had a mean duration of ART rupture (73.2, IQ25-IQ75: 0-90) statistically higher than At the time of enrollment, the majority (62.7%) of patients were on 3TC + TDF + EFV regimens, 27.4% were on 3TC + NVP + AZT, 7.8% on 3TC + TDF + NVP and one patient on 3TC + EFV + AZT (Fig. 3) . Between 1st VL and 2nd VL, 15 (21.5%) patients switched to another first line treatment: 1 changed 4 times, 6 changed thrice and 8 changed twice. These changes were due to the intolerance of certain molecules in these patients. Of the 13 patients in VF, 8 (61.54%) were under TDF + 3TC + EFV at the initiation (Fig. 3) . VF was greater in patients who started treatment with the TDF + 3TC + EFV regimens compared to those who had taken AZT + 3TC + NVP regimens at the initiation, but this difference was not statistically significant (p = 0.12). Cases of VLR were observed in each ART protocol on which patients were initiated. After the 2nd VL, 8/13 (61.5%) patients in VF were switched to a 2nd ART protocol. Four patients were switched to LPV/ r + TDF + 3TC, and the other four patients were switched to LPV/r + AZT + 3TC, LPV/r + ABC + 3TC, LPV/r + ABC + ddl and ATV/r + ABC + 3TC. The mean TSART was 25.50 (IQ25-IQ75: 22.5-29.75) months.
Factors independently associated with vitological failure
We considered VF to include patients with VLR. After adjusting for covariates associated with VF in univariate analyses, poor medication adherence (OR = 7.8; CI95%: 1.56-34.90; p = 0.012) and no education/primary education (OR = 11.38; CI95%: 2.41-53.76; p = 0.002) remained independently associated with VF compared with reference groups. The same results are preserved even excluding those in VLR. Low attendance at IEC and ART rupture are not associated significantly with failure.
Discussion
To our knowledge, this is the first study on virological follow-up among HIV-positive adults on first-line ART in Cameroon and that highlights the VR in a prospective study.
According to the WHO recommendations, the VL should be carried out 6 months after ART initiation (if possible) and then at least every 12 months to identify compliance/adherence to treatment and to determine if the patient should be switched to another treatment regimen. Changing the ART regimen is often necessary after treatment failure, and the new second-line regimen becomes necessary in order to reduce the accumulation of mutations related to ARV resistance and to improve clinical outcomes [26, 27] . In countries with limited access to VL tests, suspected ART failure are supported by immunological and/or clinical confirmation 6 months after ART initiation and immunological tests must be performed every 6 months [28, 29] . However, because most patients with HIV in care now receive ART, the rationale for frequent CD4 monitoring is weaker.
During the period of follow-up of patients, only 51 (15.5%) of the 330 patients who were initiated on ART in 2013 had at least two VL between 12 and 24 months after initiation on ART. In a recent retrospective study, 23.3% of 830 patients had VL testing, and all had only 
one VL test [36] . There are several explanations to the low access to VL testing uptake in different centers in Cameroon. Given its high overhead costs estimated at $8,65 per test, more patients have limited access to VL monitoring due to the management of the VL test by the patient himself. Another explanation would be the laboratories lack reagents to conduct VL testing. It is also reported the lack of adequate viral testing equipment in laboratory infrastructures. In these conditions, limited information about success in the ART programs is available due to low VL testing rates reported in these two different studies. Moreover, it is accepted that access to a targeted VL strategy to confirm failure suspected based on immunological or clinical criteria should be used to avoid unnecessary switching to second-line ART. To raise hopes towards achieving the VL testing, the Cameroonian government subsidized prices for biological monitoring of PLHIV, under ART few months after the end of our study i.e. in May 2016. For the implementation, it has set up laboratories' enrollment plan for conducting the VL test in each region that is territorially competent and organized in a network. None of the patients died during the follow-up, all the patients benefited from an interview to reinforce the observance of the treatment after the first VL. The lack of interview to reinforce the observance may explain the high death rate reported in the study conducted in Senegal, 7.4 and 9% per year [37, 38] .
The results of this study show a trend towards feminization of this infection. The proportion of women 70.6% are similar to the high prevalence (between 61.8 to 72.8%) reported recently in other areas of Cameroon in 2013 and 2014 [39] [40] [41] and in other countries [19, [42] [43] [44] . This is linked to the epidemiological, anatomical, physiological, socio-cultural and economic context of HIV infection [5, 41, 45] . Thus, effective PMTCT of HIV requires the screening and systematic treatment of all pregnant women, which significantly increases the awareness of this population group and consequently the coverage of ARV and regular follow-up in case of known HIV infection.
VS is high in this study (60.8%), lower than the 75.7% found by Bangoura et al. in Guinean patients [15] and the 76.7% found by Anude et al. in Nigeria [46] . A recent study conducted in Cameroon reported 94.5% of patients with VS [36] . The very short mean follow-up of 26 months in our study compared to 30 or 35 months may explain this difference.
VLR was observed in 7 (13.7%) patients. Importantly, 5 out of the 7 patients with VLR experienced stock-out of ARVs between the 1st and the 2nd VL tests. Poor adherence to ART associated with the relapse of some patients following the 1st value of the undetectable VL may thus be one factor contributing to this VLR.
Our findings showed a VF in 25.5% of patients. This is consistent with the findings of different studies in Africa from 2007 showing a VF prevalence ranging from 2.8 to 36% and immunological failure-IF from 7 to 30% [15-19, 37, 38, 47-50] . In Cameroon, retrospective cross-sectional assessments conducted at different sites reported VF of 23.2% in Northwest, 16% in South-West and 17.6% in the Central region [23, 24, 31, 36, 51] . These variations in prevalence of VF are explained partly by the fact that treatment failure was diagnosed differently (clinical, immunological or virological) across these studies. Sow [18, 48] .
Our findings did not show a higher risk of VF in men as in previous studies conducted in Cameroon, where men were associated with VF (OR = 2.18, 95%CI: 1.31 to 3.62, p = 0.003), and lower immunologic reconstitution (coefficient: − 58.7 at month 24, 95% CI: − 100.8 to − 16.6, p = 0.006) [52] . Another study conducted in Nigeria had found that only IF was associated with male gender (OR = 1.46, 95% CI: 1.04-2.45, p = 0.004) [46] . This difference may be explained by the relatively small sample size of our study (51 vs 459 in the other study in Cameroon and 628 in Nigeria). Although the associations of virological and immunological failure can differ since both conditions can also exist independently, IF normally occurs after VF and can subsequently co-exist with each other [46, 53] . In addition, our study strongly suggests that patients with none/primary education are a high risk of VF compared to the secondary or higher education. VF was also related to non-adherence, specifically the non-compliance with medication hours. The main reason for non-compliance with medication hours reported in more than half of the patients was forgetfulness. Occupational constraints and lack of understanding that it was necessary to respect the schedules as prescribed were also cited. This confirms the results of two studies conducted in Cameroon and Nigeria [40, 46] . The majority of patients with VF were in WHO stages II and III, but no statistically significant association between WHO stages and VF was found. These results are similar to results reported in Brazil [54] and in many parts of Africa [19, 23, 55] .
Limitations and strengths
Despite the small sample size, this study presents several strengths. Compared to previous reports and to our knowledge, this is the 1st study from Cameroun to investigate virological follow-up among HIV-positive adults on first-line ART in a prospective study. The main problems encountered in longitudinal studies are the high cost, the extremely long time required to obtain results and the loss of follow-up often important. To overcome these two limitations, many studies are carried out retrospectively from clinical records, as was the study conducted by Sow et al. in Senegal [17, 18] . Some authors have conducted multicentric studies including between 4 and 11 sites of patient inclusion. This was the case with the cross-sectional studies carried out in Ivory Coast and in Guinea Conakry, each with a measure of VL in PLHIV under ART for at least 6 months [15, 16] . In addition, the generic test of HIV viral load test currently used in the AHCC for HIV/AIDS laboratory only amplifies HIV-1, which does not allow an actual estimate of the value of the VL in case of coinfection or superinfection of HIV − 2.
Conclusion
Very few patients had done two VL tests as recommended at 12 months after the initiation of ART to check the effectiveness of ART. Approximately 1 in 4 patients had VF and most of them had CD4 Tlymphocytes < 200 cells/mm3. Low educational level and non-compliance to dosing schedules were likely associated with VF. As a surveillance tool, the VL should be available in the care centers, patients may be incorrectly switched to second-line ART on the basis of IF. 
